Insects from the Dermestidae family (Dermestes ater and Dermestes maculatus) are synanthropic insects, which are household, agricultural and warehouse pests. Their lipidomics and the insects' ability to use compounds present in their bodies to protect them against pathogens are not fully understood. Therefore, the purpose of this work was to determine the composition of compounds present in the bodies of two insect species, Dermestes ater and Dermestes maculatus, by the MALDI technique. Several free fatty acids and acylglycerols were found to be present as a result of the research. Significant differences in the composition and number of identified compounds have been shown, depending on the tested species and on the development stage. In lipids of D. ater, a greater variety of free fatty acids were found than in those of the second species. Biological studies have determined the high resistance of both species of Dermestidae to fungal infection with Conidiobolus coronatus. These results provide baseline data for further studies on the possible role of lipids.
Introduction
The role of entomopathogenic fungi in regulation of insect pest's populations is well described (Goettel et al. 2010; Shah and Pell 2003) . The way fungi infect insects is made up of several stages including: (1) spore germination on the cuticle of the insect, (2) formation of the invasive structures disrupting cuticle with the help of enzymes (proteases, chitinases, and lipases) degrading the main components of the cuticle such as proteins, chitin and lipids, (3) colonization of the body cavity, and (4) the formation of spores on the insect's surface allowing fungus to spread in the environment (Gillespie et al. 2000; Ortiz-Urquiza and Keyhani 2013) . The defense of insects against the attack of pathogenic fungi takes place with the help of an immune system equipped with hemocytes (insect immunocompetent cells) and numerous antimicrobial peptides, but the main line of defense is the cuticle, which outer layer is covered with lipids (Vilcinskas and Götz 1999; Wojda et al. 2009; Boguś et al. 2007; Wang et al. 2017) . Structure and chemical composition of insect cuticle is very heterogeneous and depends on species and developmental stage of insects (Andersen 2012 ).
Composition of cuticular lipids is considered as the determination factor of insect susceptibility or resistance to entomopathogenic fungi. A number of cuticular lipids show strong antimicrobial properties, however some other can stimulate the germination process, growth and virulence of fungi, thus species specific differences in cuticular lipids profiles may result in differential susceptibility of various insect species to fungal infection (Saito and Aoki 1983; Kerwin 1984; James et al. 2003; Gołębiowski et al. 2008 Gołębiowski et al. , 2014 Boguś et al. 2010) . When looking for new methods to reduce the population of harmful insects with entomopathogenic fungi, it is extremely important to know the lipids profiles of their cuticle. In addition, analysis of the cuticle composition of insects resistant to fungal infection may provide information helpful in searching for effective means of controlling mycoses in humans and farm animals. A soil fungus, Conidiobolus coronatus (Entomophthorales) selectively attacks various insect species (Boguś and Scheller 2002; Boguś et al. 2007 ) but is also known to cause the rhinofacial mycosis of humans in tropical and subtropical regions (Shaikh et al. 2016) .
In the protection of insects against pathogens, the cuticle plays a special role (Wang et al. 2017) , as well as the compounds located on it. The insect cuticle may contain compounds with a broad range of molecular weights (from only over 100 g/mol, such as caprylic acid, to large molecules of more than 1000 g/mol, such as triacylglycerols). It is difficult to analyze all these compounds with one analytical method (e.g. GC-MS). The GC-MS technique does not allow for the analysis of all compounds present in the insect cuticle due to the limited size of the analyzed compounds. It is therefore important to use additional analytical techniques, such as high performance liquid chromatography (HPLC) combined with a laser light-scattering detector (HPLC-LLSD), spectrophotometer (UV-vis) and diode array detector spectrophotometer (UV-vis DAD), liquid chromatography-mass spectrometry (LC-MS), HPLC with atmosphericpressure chemical ionization (HPLC/APCI-MS) and matrix-assisted laser desorption and ionization (MALDI-MS) Gołębiowski et al. 2011) .
MALDI technology offers the non-destructive desorption and ionization of both small and large biomolecules. MALDI-TOF-MS can therefore be used to analyze insect lipids of a relatively high molecular weight. In addition, the MALDI technique offers several advantages over ESI, such as speed of analysis, simplicity and the stability of the ion source. MALDI is also characterized by higher tolerance to salts and other sample impurities (Schiller et al. 2004) . Unfortunately, by this method, only sodium and potassium adduct ions are produced. These adduct ions do not produce informative product ion spectra for certain classes of lipids, e.g. TAGs (Duffin et al. 1991; Segall et al. 2005) .
The main components of cell membranes are: saturated (SFA), monounsaturated (MUFA) and polyunsaturated fatty acids (PUFA) combined with glycerol. They are precursors of eicosanoids (paracrine hormones, prostaglandins), which are the products of the conversion of essential unsaturated fatty acids (EFAs), such as arachidonic acid, linoleic acid or α-linolenic acid (Hart et al. 2006; Żak and Szołtysek-Bołdys 2001) . Due to the lack of double bonds, saturated acids are almost chemically inert and resistant to many drastic factors, such as high temperatures or oxidizing conditions. Sterols and their esters account for about 6% of insect lipids. Steroids are very often hormones and regulators in the body. These compounds are widespread and occur in both animals and plants (Saraiva et al. 2011; Dulf et al. 2012) . Typically, they contain 27 to 30 carbon atoms in the molecule. Cholesterol is the most commonly found steroid in insect lipids (Sreekantuswamy and Siddalingaiah 1981; Gołębiowski et al. 2013; Cerkowniak et al. 2013; Wojciechowska et al. 2019) . Cholesterol is present in all mammalian cells and body fluids. Thanks to Wieland's (Nobel Prize 1927) and Windaus' (Nobel Prize 1928) research, we know the exact structure of cholesterol. In 1936, Callow and Young named all the compounds chemically similar to cholesterol as steroids. In addition, stigmasterol, sitosterol and esters of sterols were also found in insect lipids (Lockey 1988) .
Diacylglycerols (DAGs) consist of two fatty acid chains covalently bonded to a glycerol molecule through ester linkages. DAGs exist in two possible forms, as 1,2-diacylglycerols and 1,3-diacylglycerols. DAGs can act as surfactants and are commonly used as emulsifiers in processed foods (Phuah et al. 2015) .
Another important group of neutral lipids are triacylglycerols (TAGs). TAGs are esters of glycerol and three fatty acids (Nelson and Cox 2000) . We distinguish saturated and unsaturated TAGs, which have double bonds between some of the carbon atoms, reducing the number of places where hydrogen atoms can bond to carbon atoms. Triglycerides are components of the body fat of humans, other animals and vegetables. They are also present in the blood and are a major component of human skin oils (Lampe et al. 1983 ).
The large amount and variety of compounds present on the surface of and inside insects are certainly important for the behavior of the insect, and for its protective ability. Possibly, these compounds interact with each other (Kühbandner et al. 2012) . Moreover, the MALDI-MS technique is useful to study the chemical interfaces in plant−pest interactions (Klein et al. 2015) .
This paper describes the qualitative and quantitative comparisons of lipid profiles of Dermestes ater DeGeer, 1774 and Dermestes maculatus DeGeer, 1774 larvae and pupae, male and female. These results provide baseline data for further studies on the possible role of lipids. As biological tests have shown, they are pests with a high resistance to entomopathogenic fungi, so the purpose of the work was to identify compounds with potential biological properties. For proper analysis, the MALDI-TOF-MS technique was used to identify compounds of different sizes, which would not have been possible using the GC-MS technique.
Materials and methods

Insects
For the study, Dermestes ater and Dermestes maculatus were used, from different developmental stages of the insect: males, females, pupae, larvae and exuviae. The insects were obtained from the Institute of Parasitology of the Polish Academy of Sciences in Warsaw. The larvae of D. maculatus and D. ater may molt from five to eleven times. The total duration of the larval period is dependent on the temperature, relative humidity, available moisture in the food, and the type of food (Hinton 1945; Haines and Rees 1989) . Both Dermestes species were kept at 25°C with cyclic changes of light (L:D 12:12), relative humidity at 70%, in separate glass aquaria with a layer of wood shavings spread on the bottom, and covered with mesh cloth to prevent insects from escaping. The beetles and larvae were fed beef meat ad libitum. Four groups of larvae were selected: LVS -very small larvae (size 3-4 mm), LS -small larvae (size 5-6 mm), LM -medium larvae (size 8-9 mm), LB -big larvae (size 12-15 mm). In order to select pupae, the fully grown final instar larvae, which had ceased feeding (size 12-15 mm), were regularly isolated from the basic colonies and kept in glass jars with wood shavings until pupation so as to avoid the slaughtering of larvae immobilized before pupation and naked pupae by younger larvae. For the experiments, one-day-old pupae were used. Adults collected from the basic colonies every 3 days were sexed under a stereo microscope and used either in biological tests or for the extraction of cuticular lipids.
A culture of the wax moth Galleria mellonella was reared, as described earlier (Boguś et al. 2007 ). Fully grown last instar larvae were collected before pupation and either used for routine testing virulence of Coniodiobolus coronatus colonies or after surfacesterilizationa and homogenization were used as a supplement in the fungal cultures.
Exposition to fungus
Conidiobolus coronatus strain number 3491, isolated from Dendrolaelaps spp., was obtained from the collection of Prof. Bałazy (Polish Academy of Sciences, Research Center for the Agricultural and Forest Environment, Poznań). C. coronatus was routinely cultured on a Sabouraud agar medium (SAM) with the addition of homogenized Galleria mellonella (Lepidoptera, Pyralidae) larvae at a final concentration of 10% wet weight to enhance the sporulation and virulence of the SAM cultures. The cultures were maintained at 20°C with periodic changes of light (L:D 12:12) to stimulate sporulation (Callaghan 1969) .
The insects were exposed for 18 h to fullygrown seven-day-old sporulating colonies of C. coronatus (10-20 individuals were placed in a 90 mm Petri dish containing a fungal colony). The control insects were exposed for 18 h to a sterile SAM. The exposure of the tested insects to a C. coronatus colony for 18 h at 20°C and L:D 12:12 was found to be the most efficient method for resembling the natural infection process (Wieloch and Boguś 2005) . In parallel, the virulence of the fungus towards G. mellonella larvae was tested in an analogous manner. G. mellonella is frequently used as a model host for fungal and other microbial pathogens (Binder et al. 2016) . After termination of the exposure, insects were t r a n s f e r r e d t o t h e i r g r o w i n g c o n d i t i o n s (Dermestidae 25°C, L:D 12:12; G. mellonella 30°C, darkness, respectively). The condition of the exposed and control insects of all three species was monitored daily for 10 consecutive days.
Extraction of cuticular lipids
Three-stage solvent extraction was used to extract the compounds present in the insect. Thawed and weighed insects were subjected to solvent extraction (50 ml of organic solvent was used). The extraction was carried out with petroleum ether (60 s -extract I) and dichloromethane (5 min -extract II, 3 months -extract III) (Gołębiowski et al. 2016b) .
Ultimately, 45 extracts of lipids from Dermestidae were produced by this extraction method. Because the largest amounts of macromolecular compounds in the lipids of insects (triacylglycerols) were in the third extracts (the longest), these extracts were selected for MALDI analysis. Table 1 lists 
Results
For the study, dichloromethane extracts of two insect species: Dermestes ater and Dermestes maculatus were used, from different developmental stages of the insect: males, females, pupae, larvae and exuviae. The insects were obtained from the Institute of Parasitology of the Polish Academy of Sciences in Warsaw. 15 samples of insect extracts were used for MALDI analysis. The names of the samples, their weights and the designations of the samples are shown in Table 1 . The identification of individual compounds was made using known m/z values. Tables 2, 3 , 4, 5, 6, 7 and 8 show the percentage content of compounds identified in the individual development stages of D. ater and D. maculatus. As a result of the analysis, a number of free fatty acids, acylglycerols and sterols were identified.
In the case of D. ater, the smallest amounts of compounds were identified in male and female lipids (11 and 12, respectively). There were definitely more compounds in the lipids of larvae (LVS -LB) of D. ater (27 compounds) than from the adult insects and pupae of this species. In the case of D. maculatus, the smallest amounts of compounds were found also in the extracts of males (12 compounds) and females (10 compounds). Most of the compounds were identified in the lipids of the larvae of D. ater (23 compounds) and D. maculatus (20 compounds). A circular diagram with the number of compounds identified by MALDI-TOF-MS analyses in the lipids of D. maculatus and D. ater is presented in Figs. 1 and 2 .
Among the acids, the presence of both saturated (C13:0, C16:0, C18:0, C20:0), as well as unsaturated acids (C12:1, C15:1, C16:2, C19:3, C19:4, C20:1, C23:1, C23:2) was found. Tables 2 and 3 contain the composition and content of particular fatty acids. C12:1 acid was found in all extracts of both insect species. C18:0 and C16:0 acids were also often present in the extracts. The presence of such acids as: C19:4, C20:1 and C20:0 was found only in D. ater extracts. The acids: C19:3 and C23:2 are typical for the D. maculatus species. Furthermore, there are significant amounts of diacylglycerols (Tables 4 and 5) and triacylglycerols (Tables 6 and 7) in the lipids of D. ater and D. maculatus. In the composition of diacylglycerols, the following acids: PP (C16:0, C16:0) and OO (C18:1, C18:1) were most often identified. The DAGs: EnEn / BuCa and MLn were only present in the lipids of D. ater. DAGs specific to D. maculatus were ALn / LG. Almost in all extracts of both species of insects, such triacylglycerols as LLS, OOL and LLP were also identified. However, the lipid composition of the two species was quite different. In D. ater, lipids have been found to have a greater variety of free fatty acids than in lipids of the second species. There were more triacylglycerols in the case of D. maculatus: LnLnLa, LaLLn, LnLnS / LLL, LaMLn, MML / PoPoM / OOCa, LLG, OOG were found only in this species. Only in the lipids of D. ater were such TAGs identified as: BuBuCy /VVCo, BuBuS / VVP / CoCoM / CyCyA / EnEnLa / PgPgCy / CaCaCo, LnLnCa, PoPoLn / MLLn, LLPo and LnLnLn. Among the sterols, the presence of cholesterol and campesterol was found in both insect species (Table 8 ). Biological studies have determined the high resistance of the two Dermestidae species to C. coronatus infection (Table 9 ). For the larvae and pupae of D. ater and D. maculatus the resistance was more than 86% and 92%, respectively. The adult imago of both Dermestidae species was 100% resistant to C. coronatus infection. They are therefore completely insensitive to infection from this entomopathogenic fungus contrasting with high sensitivity of G. mellonella larvae to the same treatment (mortality: 93.3 ± 2.4%).
Discussion
D. ater and D. maculatus are pests found in food stores, warehouses, etc. The problem of combating these pests makes it necessary to know the lipid composition of the compounds present in these insects. These compounds 
Designation for samples: FFA Free fatty acids, M male, F female, P pupae, LB big larvae, LM medium larvae, LS small larvae, LVS, E exuviae 
Designation for samples: M male, F female, P pupae, LB big larvae, LM medium larvae, LS small larvae, LVS very small larvae, E exuviae. Designation for acids: A Arachidic acid (20:0), Bu Butyric acid (4:0), Ca Capric acid (10:0), En Enanthic acid (7:0), G Gadoleic (n-11) acid (C20:1), L Linoleic (w-6) acid (18:2), Ln a-Linolenic (w-3) acid (18:3), M Myristic acid (14:0), O Oleic (n-9) acid (18:1), P Palmitic acid (16:0) In biological extracts, neutral lipids, including diacylglycerols (DAGs), triacylglycerols (TAGs) and sterols are present. These lipids are present in all cells of Designation for samples: M male, F female, P pupae, LB big larvae, LM medium larvae, LS small larvae, LVS very small larvae, E exuviae animals and plants. They play a variety of biochemical functions: they store energy (in fat tissues in organisms) and are precursor pools for signaling molecules (a result of the occupation of membrane receptors) (Murphy et al. 2011) , and they also provide defence against harmful factors, e.g. chemicals, microbials and insecticides, which can be used against pest insects (Lockey 1988; Buckner 1993; Laznik et al. 2010; Rojht et al. 2012; Gołębiowski et al. 2014) . MALDI technology is an increasingly popular technique used in lipid and protein analysis (Fuchs et al. 2010; Fuchs and Schiller 2009 ). This technique is widely used for both fatty acid and acylglycerol analysis. Thanks to MALDI, it is possible to analyze whole extracts without the prior division of the sample into fractions, or purification, which is useful in the analysis of insect lipids. Unfortunately, this technique may involve some problems in the identification of compounds. In the analysis of free fatty acids, it is quite difficult if standard MALDI matrices are used. In this situation, we often have to deal with an overlap of matrix signals. The problem is that free fatty acids are particularly abundant in the low mass range. This gets worse when fatty acids have to be analyzed at low concentrations (Fuchs et al. 2010) .
Some problems may also be encountered in the case of cholesterol and its esters. Cholesterol is not detectable as the expected H+ adduct, but only subsequent to water elimination at m/z = 369.3 (Schiller et al. 2000) . Using standard MALDI matrices such as DHB, there is a considerable overlap between the cholesterol peak and the matrix background (Fuchs et al. 2010 ).
However, a standard DHB matrix is useful in the analysis of both DAGs, (Benard et al. 1999) as well as TAGs (Asbury et al. 1999) with positive ion MALDI-TOF mass spectra. Malone and Evans (2004) investigated the formation of diglycerides by the loss of fatty acid moieties. Thanks to the differences in abundance, they found that the loss of the central fatty acid seemed to be less favored. In higher abundance, product ions manifested the loss of higher unsaturated fatty acids, and long-chain fatty acids were shown to be favored. Thanks to measuring the product ion intensities, it is possible to distinguish between isomeric TAGs (Zehethofer and Pinto 2008) .
In the lipids extracted from Dermestes maculatus and Dermestes ater, carboxylic acids, sterols, diacylglycerols and triacylglycerols were identified. There were some problems with identifying individual compounds. Signals originating from the matrix hindered identification, as these signals interfered with signals derived from carboxylic acids. They were eliminated by comparing with the matrix spectra and plotting the corresponding signals. This problem can be solved, for example, by using another matrix. In addition, it was difficult to identify unequivocally each compound, particularly triacylglycerols, due to identical m/z values. The ability to analyze the entire extract, the ease of preparation and analysis, and a wide range of results makes the MALDI technique the most readily applicable in the analysis of insect lipids.
Compounds identified in the lipids of D. ater and D. maculatus have also been identified in other insect species. Triacylglycerols are the dominant lipid class of internal lipids in all insects (Stanley-Samuelson and Nelson 1993; Kofroňová et al. 2009 ). Phospholipids and triacylglycerols were identified e.g. in two chinch bug species: Blissus leucopterus leucopterus and B. iowensis (Insecta: Hemiptera; Lygaeidae). The PL and TG fatty acid profiles from B. l. leucopterus and B. iowensis are very similar. Their profiles are characterized by high proportions of 16:1 fatty acid and very low proportions of C18 and C20 PUFAs. Their profiles are similar only to the patterns known from most species of Diptera and differ from the fatty acid compositions known from all other Heteroptera. The fatty acid profiles of most species in Aphidoidea feature very high proportions of 12:0 and 14:0, and relatively small proportions of 18:2n-6 (Fast 1970; Thompson 1973) .
The content of triacylglycerols varies greatly depending on the studied insect species, its occurrence, and even environmental factors such as the season. For example, the prepupae of Eurosta solidaginis have an unusual neutral lipid composition, predominated by acetylated TAGs and FFAs. Marshall et al. observed that field-collected E. solidaginis accumulated large quantities of acTAGs for energy storage over winter (Marshall et al. 2014) . The matrix-assisted laser desorption and ionization technique was used, among others, for the analysis of lipids of Drosophila melanogaster (Niehoff et al. 2014; Herren et al. 2014) . D. melanogaster is a major model organism for numerous lipid-related diseases. Thanks to MALDI, MS image profiles were obtained of six major lipid classes: phosphatidylcholine, phosphatidylethanolamine, phosphatidylglycerol, phosphatidylinositol, phosphatidylserine, and triacylglycerols (Niehoff et al. 2014) .
The high content and diversity of DAGs and TAGs in the surface and interior lipids of Dermestidae testify to their important role as a backup, and their building role within the organism of the insect, and their contribution to its cuticle. However, the high amount and variety of fatty acids (especially in surface lipids) can be associated with their protective role and antimicrobial properties.
Many free fatty acids found in Dermestidae lipids play an important role in the body of insects. They have a building and structural function in biological membranes as components of phospholipids and glycolipids. Free fatty acids released from triacylglycerols provide excellent energy. On the other hand, derivatives of twenty-carbon fatty acids act as tissue hormones (Żak and Szołtysek-Bołdys 2001) . The presence of C20:0 acid was found in the lipids of D. ater. In extracts of both species of Dermestidae, stearic acid (C18:0) and palmitic acid (C16:0) were present. They are particularly important for the body, because they participate in covalent protein modification (Żak and Szołtysek-Bołdys 2001) .
Another very important group of compounds present in insect lipids are sterols. Cholesterol (m/z = 369.4) and campesterol (m/z = 400.4) were extracted from D. ater and D. maculatus. Insects cannot synthesize sterols de novo, so they typically require a dietary source. Cholesterol is the dominant sterol in most insects. Plants contain only small amounts of cholesterol, so plant-feeding insects must generate most of their cholesterol by metabolizing plant sterols. Sterols are essential for an insect's organism, because they are important components of cellular membranes (Jing et al. 2014) , they are precursors for many hormones (Bouvaine et al. 2014 ) and they play a role in regulating genes involved in developmental processes (Jing et al. 2013) . The presence of cholesterol was found in e.g. Musca domestica, Sarcophaga carnaria and Caliphora vicina . Campesterol was metabolized in the silkworm to cholesterol (Maruyama et al. 1982) . Moreover, many sterols have been identified in plants, e.g. sitosterol, stigmasterol and spinasterol (Behmer et al. 2011; Singh et al. 2016) .
The biological tests were very interesting, resulting in the high resistance of the two Dermestidae species to C. coronatus infection. The entomopathogenic fungus C. coronatus causes high mortality of various insect species (Boguś et al. 2012; Gołębiowski et al. 2016a ). Therefore, the high resistance of D. ater and D. maculatus to infection with this fungus testifies to their extraordinary ability to protect against entomopathogens. The very diverse lipid content and the presence of compounds with already documented protective activity can have a significant effect on such a high insect resistance. For example, the antimicrobial activity is shown by fatty acids and their mixtures. These compounds strongly influence spore germination and mycelium growth. Fatty acids have been found to be toxic to different fungal species, e.g. Paeciliomyces fumoroseus and Conidiobolus coronatus (Saito and Aoki 1983; James et al. 2003) . Also the growth of Beauveria bassiana mycelium is inhibited by short-chain saturated fatty acids extracted from Heliotis zea larvae (Smith and Grula 1982) . Other studies confirm that fatty acids inhibit fungal growth to varying degrees depending on chain length and presence of double bonds (Gołębiowski et al. 2014 ). Among the mixture of fatty acids present on insect cuticle, short-chain fatty acids (C6:0, C11:0, C13:0) show the strongest activity against different species of entomopathogenic fungi, e.g. Metarhizium a n i s o p l i a e , P a e c i l o m y c e s f u m o s o ro s e u s , Paecilomyces lilacinus, Lecanicillium lecanii, Beauveria bassiana (Dv-1/07) and Beauveria bassiana (Tve-N39) (Gołębiowski et al. 2014) .
In D. ater and D. maculatus, lipids were extracted and 49 compounds belonging to different lipid groups were pre-identified. There was a great diversity in the number and composition of the identified compounds, depending on the species and the developmental stage of the studied insects. Differences in the composition of the compounds found on the cuticle and interior of the insect can be influenced by many individual and environmental factors. In social insects, their position in a group, and the tasks they perform can even be of importance (Bruschini et al. 2008) .
Conclusions
The MALDI-TOF-MS method is successful for the determination of high molecular weight compounds of D. maculatus and D. ater. A total of 43 compounds were identified in D. maculatus and D. ater, including fatty acids, DAGs, TAGs and sterols. Thanks to the application of MALDI, organic compounds in Dermestidae lipids have been identified, which could not be identified by the GC-MS technique. The identified compounds can be involved in the chemical defense of insects. Therefore, more experiments need to be conducted to understand the ecological and physiological function of the identified compounds.
